Introduction
============

Williams syndrome (WS) is a neurodevelopmental disorder of genetic origin, specifically resulting from the deletion of approximately 25 genes on chromosome 7q11.23 (Ewart et al., [@B11]; Hillier et al., [@B18]). Individuals with WS typically display a distinctive cognitive and personality profile. In terms of a cognitive profile, results of numerous studies have pointed to some degree of developmental delay in the majority of patients (Udwin and Yule, [@B62]; Greer et al., [@B16]; Mervis et al., [@B40]), with a pattern of relative strengths and weaknesses, including relatively stronger language, after a period of early delays, than would be expected given developmental level (Mervis and Bertrand, [@B36]; Mervis and Robinson, [@B39]) and a marked difficulty with visuospatial construction tasks (MacDonald and Roy, [@B35]; Wang et al., [@B64]; Mervis et al., [@B41]). The personality profile is characterized by high sociability and friendliness, as well as high levels of empathy (Dilts et al., [@B7]; Tomc et al., [@B60]; Gosch and Pankau, [@B15]; Klein-Tasman and Mervis, [@B25]). Particular genes have been identified as being influential in the development of certain physical and behavioral traits commonly seen in WS, including connective tissue and cardiovascular abnormalities (Ewart et al., [@B11]), distinctive craniofacial features (Osborne et al., [@B44]; Tassabehji et al., [@B59]), difficulties in visuospatial abilities (Frangiskakis et al., [@B13]), and lower cognitive abilities (Morris et al., [@B43]). It should be emphasized that while a characteristic profile for WS is indicated by the literature, considerable variability within the cognitive and medical aspects of the profile alike have been reported (Morris et al., [@B42]; Udwin and Yule, [@B62]; Greer et al., [@B16]).

The vast majority of behavioral studies of people with WS describe a gregarious and socially outgoing personality type yet social difficulties are also characteristically seen (see Mervis and Klein-Tasman, [@B37] for a review). Individuals with WS have been described as being less hesitant to interact with strangers than other children with developmental delays (Mervis et al., [@B38]), as well as overly friendly and affectionate (Tomc et al., [@B60]). The presence of these overfriendly personality traits and the perception of preserved social functioning have often led to WS being compared with autism spectrum disorders (ASDs; Rapin and Tuchman, [@B46]), as a contrast to the severe reciprocal social impairment characteristic of ASD (American Psychiatric Association, [@B1]). However, a growing body of research, summarized and discussed in the following paragraphs, has begun to suggest that social skill difficulties are present in WS, such that comparisons with ASD may be less than optimal for contributing to advances in the neuroscience of social functioning unless a more nuanced approach is taken. The present study aims to investigate the social cognitive difficulties of individuals with WS (using a lab-based measure of social cognition) that may contribute to socio-communicative and reciprocal social interaction difficulties reported by parents.

Results of studies using parent- or caregiver-completed questionnaires have revealed difficulties in various aspects of social functioning in WS. For example, Laws and Bishop ([@B33]) reported that parents consistently rated their children with WS as performing worse on measured aspects of relationship building when compared to healthy children or those with Downs syndrome (DS) or specific language impairment (SLI; e.g., inappropriate initiation of conversation, use of stereotyped conversation). In a similar study using the same measure, children with WS showed stronger functioning than those with ASDs (Philofsky et al., [@B45]). In terms of social skills, parents and teachers report that children with WS typically demonstrate prosocial skill levels (e.g., cooperation, assertion, seeking out interaction) within the low average range, with more pronounced difficulty with various aspects of social functioning and social cognition apparent (Klein-Tasman et al., [@B24]). Studies of older individuals with WS suggest that social difficulties persist into adulthood. Generally, adults with WS are found to experience trouble making and sustaining relationships despite their tendency to be socially disinhibited and overly friendly (Udwin, [@B61]; Davies et al., [@B4]). It seems as if individuals with WS are generally interested in making friends and driven to be socially accepted but lack the understanding of social rules that would allow for successful relationships. Unfortunately, these social difficulties may become more severe with development and represent the most consistent and pervasive difficulties seen in WS (Howlin et al., [@B19]).

Direct observations of social interactions in individuals with WS have also revealed difficulties. Delays in the use and comprehension of pointing gestures have been observed both by parent report and in structured laboratory settings (Singer Harris et al., [@B52]; Laing et al., [@B32]). Eye gaze differences have also been reported in WS, including an interest in faces that often interferes with completion of a task presented to the child (Jones et al., [@B20]). Young children with WS spend more time looking at faces of social partners than do typically developing children and the quality of the gaze is often described as "intense" (Mervis et al., [@B38]). Preschool aged children with WS have been shown to lack social regulation. Parents report that they know no stranger, and they are more willing to approach a stranger than typically developing children of the same chronological and mental age (Dodd et al., [@B9]). Young children with WS are also impaired in joint attention behaviors, both in terms of initiation of and response to joint attention bids (Laing et al., [@B32]). Although young children with WS appear to be more responsive to displays of emotion in comparison to other children with developmental delays, this increased responsiveness does not necessarily translate to an advantage in the ability to respond adaptively in ways that are congruent with the emotions expressed (Fidler et al., [@B12]). Difficulties in interactions with others, such as less turn-taking with partners (Lacroix et al., [@B31]) and a failure to completely answer questions or provide clarifications (Stojanovik et al., [@B54]; Stojanovik, [@B53]), are also often observed.

Recent studies using a measure specifically designed to investigate difficulties in reciprocal social interaction in ASD, the Autism Diagnostic Observation Schedule (ADOS; Lord et al., [@B34]), have contributed to the growing understanding of social impairment in WS. Using the ADOS, Klein-Tasman et al. ([@B26]) recently reported that approximately half of the children they examined (with limited language) exhibited abnormalities in the use of various social interactive behaviors, including eye gaze, pointing behaviors, both initiation and response to joint attention, integration of eye gaze with communicative behaviors, and reciprocal social smiling. Abnormalities in play behavior and repetitive and restricted interests were also apparent in many of these children. Further, when compared to children with developmental delays of mixed etiology (ME) and children with Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS), many young children with WS display a behavioral profile that indicates social difficulties above and beyond what would be expected from developmental delay alone (Klein-Tasman et al., [@B27]).

Although social difficulties in WS have been well-documented, findings of investigations into cognitive processes related to social functioning in WS have been inconsistent and inconclusive. For example, findings in the area of face processing are mixed, with some studies concluding that individuals with WS use unique strategies to process faces (Deruelle et al., [@B5]; Gagliardi et al., [@B14]), while others find contradictory support for the use of typical strategies (Tager-Flusberg et al., [@B57]). Similarly, findings related to eye movement patterns while visually processing faces differ depending on the specific aspect investigated. After initially fixating in a typical fashion, individuals with WS demonstrate a decreased ability to disengage attention and spend more time looking at faces when compared to healthy controls (Riby and Hancock, [@B47], [@B48]). Interestingly, this difference in gaze patterns was observed when stimuli were static, but not when they were active (Riby and Hancock, [@B49]), demonstrating the importance of stimulus choice. Despite a tendency to look longer at faces, individuals with WS demonstrate decreased physical arousal while viewing faces when compared to typically developing groups (Doherty-Sneddon et al., [@B10]). This is consistent with a complementary finding in which individuals with WS were reported to perceive physical situations as more threatening than social situations (Dodd and Porter, [@B8]). Investigations into theory of mind abilities in WS do not yield straightforward findings. Adults with WS seem to outperform individuals with other developmental delays on some tasks (Karmiloff-Smith et al., [@B21]; Tager-Flusberg et al., [@B56]), while children perform both similarly to and worse than comparison groups on others (Tager-Flusberg and Sullivan, [@B58]). Generally, people with WS have difficulties on these social cognitive tasks in comparison to TD controls, but it is unclear whether these difficulties are above and beyond what would be expected based on intellectual disability alone.

Task variability and diversity of contrast groups may contribute to the disparate findings in the literature, but it is clear from the discrepancies across studies that findings about social cognition in WS do not paint a straightforward picture. As is the case for both cognitive functioning and medical findings (Morris et al., [@B42]), there appears to be considerable variability in reciprocal social functioning within the WS population, with some, but not all individuals with WS demonstrating elevated social reciprocity difficulties. For example, Klein-Tasman et al. ([@B26]) reported that half the children in their sample had elevated levels of social reciprocity difficulties, while half either showed very subtle social reciprocity difficulties or did not show any clear social reciprocity difficulties. The picture is further complicated by the lack of studies investigating the concordance between caregiver-reported behavior in everyday contexts and performance on tasks completed in a structured laboratory setting. Generally, studies have used either questionnaire or observational/experimental methodologies, rather than combining these approaches. Consistent findings across measures also constitute within-study replications of observations and build confidence in the reliability and validity of findings. Investigations examining the convergence between multiple methods of assessing a specific phenomenon contribute to the ecological validity of research conclusions. Finally, this research contributes to the literature exploring potential social information processing mechanisms for the social difficulties observed in children with WS; such studies of this nature may reveal target areas for intervention.

One measure of social information processing that has been used in the ASD literature but has not yet been used with children with WS is the Social Attribution Task (SAT; Klin, [@B28]). This task, adapted from Heider and Simmel's ([@B17]) silent movie in which geometric shapes enact a social scene, measures the ability to attribute social meaning to a visually presented ambiguous animation. This task calls for inference of emotions, intentions, the nature of interpersonal interactions, and outcomes of interactions by anthropomorphizing the stimuli and reading non-verbal social cues. In Heider and Simmel's ([@B17]) original description, they reported that all but one of the typically developing individuals who completed the task attributed human behaviors and emotions to the stimuli. Klin's coding scheme uses a number of indices, which are combined in order to provide a picture of broad social cognition (Klin, [@B28], p. 836). More recent research using typically developing samples showed that completion of the SAT activated brain regions commonly implicated in social information processing (Schultz et al., [@B51]). In clinical samples, performance on the SAT was able to discriminate populations with documented social difficulties (i.e., ASDs and Prader-Willi Syndrome, PWS) from those without social impairments (Klin, [@B28]; Koenig et al., [@B30]; Klin and Jones, [@B29]). The video was described as "more meaningful to the normal control group, allowing \[them\] to generate fairly elaborated and lengthier social plots" (Klin, [@B28], p. 839). These findings indicate that the SAT is an effective measure of social cognition, or more specifically the ability to attribute social meaning, including inference of common social interaction patterns and emotions, to seemingly ambiguous stimuli. Together these findings imply that this measure may be useful to further understanding social cognitive functioning in WS as well.

The current study sought to address gaps in the literature by examining the relations between social cognition and parent ratings of social reciprocity and social communication. Parent report of reciprocal social behaviors outside the laboratory setting was collected and individuals completed a lab-based measure of social information processing, the SAT (Klin, [@B28]). Parent ratings were related to performance on the SAT in order to investigate the concordance across measurement methodologies and to point to potential social information processing difficulties that may contribute to social reciprocity difficulties. The SAT has previously been used in individuals with ASD and was chosen based on the existing literature demonstrating its ability to differentiate clinical samples from one another (Klin, [@B28]; Koenig et al., [@B30]; Klin and Jones, [@B29]; see [Materials and Methods](#s1){ref-type="sec"} for a more in-depth discussion), as well as its relation to activation in typically developing individuals of brain areas related to social cognitive processes (Schultz et al., [@B51]). We hypothesized that socio-communicative difficulties reported by parents would be associated with greater atypical social cognition, and weaker cognitive ability, especially verbal ability, would be associated with greater difficulty completing a laboratory based task of social cognition. We also considered the possibility that, given the intellectual disability commonly seen in WS, additional structure and support when completing the SAT, in the form of direct questioning, could be beneficial. We therefore created a direct measure of improvement within the SAT coding procedure, the Improvement Index, to quantify the difference in the quality of the narratives produced with prompting from those produced spontaneously. Using this index (further described later), exploratory analyses of the role of additional scaffolding on social attributions were conducted and related to overall intellectual functioning in order to further explore the role that cognitive abilities played in completion of the SAT.

Materials and Methods {#s1}
=====================

Participants
------------

The sample included 24 children with WS between the ages of 8 years 1 month and 15 years 9 months (*M* = 12 years 5 months, SD = 2 years 8 months; 12 male, 12 female). Twenty-three female caregivers (22 mothers and 1 grandmother) and 1 father completed the questionnaires. Participants were recruited to participate in a study of cognitive and psychosocial functioning during the transition to adolescence. Participants were recruited by mailing fliers to families with children in the target age range through the Williams Syndrome Association, and by placing a description of the study in the registration materials at the National Williams Syndrome Convention. Note that this sample is a subset of the sample reported in Klein-Tasman et al. ([@B24]).

Materials
---------

### Standardized intelligence measure

#### Kaufman brief intelligence test, 2nd edition (KBIT-2)

The KBIT-2 is a standardized measure of verbal and non-verbal intelligence for use with individuals ages 4--90 years. The verbal intelligence scale (VIQ), which consists of two tasks measuring receptive and expressive language skills, is a measure of crystallized intelligence; the non-verbal scale (NVIQ), which involves solving visual puzzles, is a measure of fluid intelligence (Kaufman and Kaufman, [@B22]). Not only is this instrument one of the most commonly used brief estimates of intelligence, its use with individuals with WS is common as it does not include a spatial component, a set of skills that are often impaired in this population and therefore disproportionately affects IQ estimates (Mervis et al., [@B41]).

### Experimental measure

#### Social attribution task

The SAT is a lab-based measure of social cognition utilizing ambiguous visual stimuli (Klin, [@B28]). Completing the SAT involves watching a silent video display, approximately 50 s long, two times through and providing a narrative summarizing the video. The individual is then shown shorter clips of the 50-s video and asked to narrate the clips separately. Finally, the individual is asked specific questions about the video. The ambiguous stimuli in the video are shapes (a small circle, a small triangle, and a large triangle) with no faces or other features similar to humans or other animals. These shapes move around the screen throughout the duration of the video. A more detailed description of instructions and prompts used in the SAT administration is included in the Section ["Procedure."](#s2){ref-type="sec"}

### Parent report measures

#### Social communication questionnaire (SCQ)

The SCQ is a 40-item parent questionnaire for use with children ages 4 and older. The responses that caregivers provide about their children's social communication behaviors yield a total score. Scores above 15 points indicate social-communication difficulties that warrant further assessment for the presence of an ASD. This questionnaire is meant to serve as an efficient method of identifying children with communication and social delays (Rutter et al., [@B50]).

#### Social reciprocity scale (SRS)

The SRS is a 65-item parent questionnaire for use with children ages 4--18 years used to explore symptoms of ASDs, including difficulties in interpersonal relationships, communication, and repetitive/stereotypic behaviors. Not only is the identification of these symptoms useful when screening for ASDs in particular, but can also be helpful in identifying individuals with problem behaviors in these domains that are at subthreshold levels. The responses that caregivers provided about their children's social reciprocity behaviors yielded *T*-scores on various scales of the SRS. These include the Social Awareness, Social Cognition, Social Communication, Social Motivation, and Autistic Mannerisms scales, as well as an overall total score. *T*-scores below 60 indicate no clinically significant concerns in social reciprocity behaviors; *T*-scores of 60--75 indicate social reciprocity difficulties that are in the mild to moderate range; *T*-scores greater than 76 indicate severe levels of social reciprocity difficulties (Constantino and Gruber, [@B3]).

Procedure {#s2}
=========

Data collection
---------------

Children participated either at the Child Neurodevelopment Research Lab (CNRL) at the University of Wisconsin, Milwaukee, in a quiet location at their homes, or in a quiet location at a Williams Syndrome Association Bi-Annual Meeting. All children were administered a battery of assessment measures, including a standardized measure of intelligence (KBIT-2) and other standardized and lab-based measures, including the SAT, over the course of an approximately 2 h long session. Parents of children completed questionnaires and interviews regarding anxiety symptoms and adaptive functioning either in a separate room or at a different time. All components of the child assessment were videotaped to review the procedure and allow for transcription of responses to the SAT.

### SAT administration and coding procedures

Administration and subsequent coding procedures for the SAT followed those described by Klin's ([@B28]). All administrations of the SAT were initially transcribed from videotape by an undergraduate research assistant in the CNRL and then reviewed by the author for accuracy. The first author and two research assistants initially coded four administrations and agreement between coders was measured using correlational statistics. Disagreements were discussed in order to improve reliability. Another four administrations were then coded and agreement between coders was measured. At this point, agreement was acceptable (Pertinence Index *r* = 0.913, Salience Index *r* = 0.866, Theory of Mind Cognition Index *r* = 0.980, Theory of Mind Affect Index *r* = 0.908, Animation Index *r* = 0.718, Problem Solving A Index *r* = 0.982, Problem Solving B Index *r* = 0.967, Improvement Index *r* = 0.993). The first author then coded all transcripts and the two research assistants each coded a portion of the transcripts, resulting in each administration being coded twice. Consensus coding was then conducted in order to resolve any disagreements and arrive at a single value for each index.

The Salience, Pertinence, and Animation indices, as well as the Theory of Mind Cognition and Affect indices were coded. See Table ([1](#T1){ref-type="table"} for a brief overview of coding procedures information. The Salience Index is a reflection of the individual's ability to make a coherent social story from visual information that fits in with what the majority of other individuals see in the same task. It serves as an estimation of the individual's overall ability to view the ambiguous stimuli and extract social information from what they see. In a real world setting, this would be similar to a situation in which an individual must make decisions about the behaviors of others and determine their meaning within a social context. The Pertinence Index is a measure of an individual's ability to make attributions that reflect relevance to the viewed stimuli. It is an estimation of the individual's ability to view stimuli and extract relevant information; this ability relates to real world social functioning, in which individuals need to determine exactly what information is socially relevant. The Animation Index is similar to a summary measure of social attribution; it reflects an estimation of the individual's overall level of social cognitive ability. Two Theory of Mind indices, Cognition and Affect, were also included in this investigation. These indices measure the frequency of references to cognitive or affective mental states, reflecting attention to the thoughts and feelings of others, a critical component when discussing the construct of theory of mind and understanding the nature of social interactions in general.

###### 

**Overview of coding procedures**.

  Index                         Narratives   Description                                                                                            Measurement
  ----------------------------- ------------ ------------------------------------------------------------------------------------------------------ -------------
  Pertinence                    1--7         Ratio of non-pertinent statements to total propositions                                                0.00--1.00
  Salience                      1--7         Percentage of correctly identified story elements out of 20 salient story elements                     \%
  Theory of mind -- cognitive   1--7         Ratio of number of statements indicating thinking, planning, or intentionality to total propositions   0.00--1.00
  Theory of mind -- affective   1--7         Ratio of number of statements indicating feeling states to total propositions                          0.00--1.00
  Animation                     1--7         Ordinal rating of sophistication of social cognition                                                   0--6
  Problem solving               11--17       Percentage of questions answered correctly                                                             \%

*Adapted from Koenig et al. [@B30])*.

In addition to these indices, reported in Klin's original investigation, a novel index, the Improvement index was also coded to investigate the effect of providing greater structure during completion of the SAT. SAT administration guidelines involve first having the respondent describe what is seen with minimal prompts, and later specific prompts are provided to elicit elaboration. Arriving at a score for the Improvement index involves coding the Problem Solving index twice. The first time it is scored using the spontaneous answers the individual provides to open-ended questions during the initial administration of the SAT. It is then scored again using the answers the respondent provides in response to the more directed questions the examiner asks. For example, when first completing the administration, the examiner simply asks "What happened here?" after each clip is shown. However, when specific instructions are given, the examiner says, "Now let's say that the big triangle, the small triangle, and the circle are people. What kind of person is the big triangle? the small triangle? the circle?" The difference in the number of "correct" answers the individual provides in these two situations is then the score for the Improvement index.

Results
=======

All analyses were conducted using SPSS computing software. Significance tests were 2-tailed. It should be noted that all 24 children completed the intelligence measure and the SAT, while 21 had parent questionnaire data. All available data were used for each analysis.

Intellectual abilities
----------------------

The average overall IQ composite standard score, as measured with the KBIT-II, was 65.71 (SD = 11.99), with verbal and non-verbal IQ not significantly different from one another (*M* = 73.08, SD = 11.96 and *M* = 66.29, SD = 13.56, respectively). These results indicate that, on average, the current sample's intellectual functioning is falling in the mildly impaired range, which is consistent with the level of functioning and range seen in individuals with WS in other studies.

Social reciprocity
------------------

Average *T*-scores and SDs for each domains are reported in Table [2](#T2){ref-type="table"}. The number of children with *T*-scores falling within different classifications on the various domains is reported in Figure [1](#F1){ref-type="fig"}. The pattern of results indicates that on average, the children in this sample had mild to moderately elevated total scores, with the most severe difficulties in the area of Social Cognition and average range scores in the Social Motivation domain. Further discussion of these findings, demonstrating clear social reciprocity difficulties and good concordance between parent and teacher ratings, can be found in a separate publication from our lab (Klein-Tasman et al., [@B24]).

###### 

**Parent-reported social reciprocity skills**.

  SRS domain             Mean *T*-score   SD
  ---------------------- ---------------- -------
  Social awareness       64.48            11.17
  Social cognition       76.05            11.29
  Social communication   66.86            10.55
  Social motivation      55.24            15.92
  Autistic mannerisms    75.05            15.10
  Total score            70.24            11.17

![**Percent of participants falling in the average, mild/moderate, and severe ranges on the social responsiveness scale parent report measure (number of participants indicated)**.](fpsyg-03-00197-g001){#F1}

Social communication
--------------------

The average score on the SCQ in this population was 11.75 (SD = 6.39); however, what is more meaningful when interpreting this particular questionnaire is the number of children who met or exceeded the cutoff score of 15 and the relationship between meeting this cutoff and SAT performance. The distribution of scores on the SCQ was continuous. In this sample, seven children (35%) met or exceeded the cutoff score, which indicates a need for additional screening for ASDs.

Social cognition
----------------

Mean scores for each of the indices of the SAT are reported in Table [3](#T3){ref-type="table"}. Normative data are not available. The mean number of propositions spontaneously supplied in Narratives 1 through 7 was 20.71 (SD = 9.72). This number is generally similar to those reported in previous studies using clinical samples (Klin, [@B28]; Koenig et al., [@B30]). Table [4](#T4){ref-type="table"} provides examples of different quality narratives supplied by participants in the current study.

###### 

**Social Attribution Task (SAT) index scores**.

  SAT index                     Mean   SD
  ----------------------------- ------ ------
  Pertinence                    0.36   0.30
  Salience                      3.33   2.62
  Theory of mind -- cognitive   0.06   0.12
  Theory of mind -- affect      0.03   0.06
  Animation                     1.46   0.72
  Problem solving               0.21   0.19
  Improvement                   2.13   1.87

###### 

**Sample narratives**.

  --------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Higher quality narratives   The smaller triangle and the circle came and went inside and was having fun and the triangle went out and was playing tag with the smaller one and then the circle kind of shut the door and the little one opened it and then the other one was still outside having fun and then the smaller circle and then the smaller triangle went out and the bigger triangle shut the box and destroyed it.
                              What happened was like that triangle went through the triangle, I mean the square, and up ... and all of the sudden the circle finally came in and closed the door on him and the triangle was stuck for a minute and the triangle got out and the triangle friend came in ... so they were um both in the house and the triangle went out and slammed the door behind him so they were looking for each other and stuff and they came around and like together like walking and all of a sudden the triangle starts to chase him so the triangle and the circle go running across the screen and out of the picture and the triangle messes up the square kind of and that was it.
  Lower quality narratives    I saw a circle, a square and a triangle. Sometimes umm the triangle will umm bump into another triangle and then sometimes the circle would bump into the triangle and sometimes the square would open and close and then umm at the end I saw two lines and that's it.
                              ... the big triangle chased the little triangle and the little ball goes there and then the triangle chased the triangle and the ball and then they went back that way and then went plew, right through it and that was it.
  --------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Relations between SCQ and SRS
-----------------------------

Statistically significant and strong correlations were found between the total score of the SCQ and all domains of the SRS (Social Awareness *r* = 0.768, *p* \< 0.01; Social Cognition *r* = 0.707, *p* \< 0.01; Social Communication *r* = 0.652, *p* \< 0.01; Autistic Mannerisms *r* = 0.702, *p* \< 0.01; total *r* = 0.837, *p* \< 0.01), with the exception of the Social Motivation domain (*r* = 0.375, ns). Given the outgoing nature of individuals with WS, as well as previous findings that individuals with WS do not have difficulty in the social motivation domain (Klein-Tasman et al., [@B24]), a weak correlation between the total score of the SCQ and the Social Motivation domain of the SRS was not unexpected.

Relations between performance on the SAT and intellectual functioning
---------------------------------------------------------------------

Significant relations were found for the Pertinence index and VIQ (*r* = −0.437, *p* \< 0.05) and the Problem Solving index and VIQ (*r* = 0.446, *p* \< 0.05), NVIQ (*r* = 0.416, *p* \< 0.05), and IQ composite score (*r* = 0.544, *p* \< 0.05). The Improvement index was also significantly related to VIQ (*r* = 0.398, *p* \< 0.05), NVIQ (*r* = 0.578, *p* \< 0.01), and IQ composite score (*r* = 0.628, *p* \< 0.001). There were no significant relations found for the Salience, Theory of Mind: Cognition, Theory of Mind: Affect, or Animation indices and score on the KBIT-II.

Relations between performance on the SAT and age
------------------------------------------------

There was a significant relation between age and performance on the Salience (*r* = 0.403, *p* \< 0.05), Theory of Mind: Affect (*r* = 0.402, *p* \< 0.05), and Problem Solving (*r* = 0.448, *p* \< 0.05) indices. There was no significant relation between the age at which the SAT was administered and performance on the Pertinence, Theory of Mind: Cognition, Animation, or Improvement indices.

Relations between performance on the SAT and parent-reported social reciprocity
-------------------------------------------------------------------------------

Significant relations between indices and *T*-scores on the domains of the SRS are reported in Table [5](#T5){ref-type="table"}. All significant relations were negative, indicating that as scores on the SRS increased (suggestive of greater difficulty), scores on the SAT decreased (suggestive of greater difficulty). Scores on the Theory of Mind: Cognition Index were related to the Autistic Mannerisms scale. Scores on the Salience Index were significantly correlated with the Social Cognition, Social Communication, Social Motivation, and Autistic Mannerisms scales, as well as the overall total score. Scores on the Animation index were related to the Social Awareness scale and the SRS Total score. Scores on the Problem Solving Index were significantly correlated with the Social Awareness, Social Communication, and Autistic Mannerisms domain scores and the total score. Finally, scores on the Improvement Index were significantly related to the Social Awareness domain score. There were no significant relations found for the Pertinence and Theory of Mind: Affect indices of the SAT and any of the scales of the SRS.

###### 

**Correlations between SAT performance and parent-reported social reciprocity skills**.

  SAT index                     Social responsiveness scale domain                                                     
  ----------------------------- ------------------------------------ ------------ ------------ ---------- ------------ ------------
  Pertinence                    0.383                                0.269        0.375        0.238      0.197        0.377
  Salience                      −0.342                               −0.636\*\*   −0.615\*\*   −0.466\*   −0.534\*\*   −0.640\*\*
  Theory of mind -- cognition   −0.143                               −0.102       −0.191       −0.206     −0.432\*     −0.268
  Theory of mind -- affect      0.059                                −0.374       −0.300       −0.194     −0.381       −0.226
  Animation                     −0.459\*                             −0.269       −0.339       −0.299     −0.528\*\*   −0.492\*
  Problem solving               −0.624\*\*                           −0.365       −0.487\*     −0.249     −0.514\*     −0.547\*\*
  Improvement                   −0.480\*                             −0.100       −0.225       −0.108     −0.259       −0.272

*\**p* \< 0.05*.

*\*\**p* \< 0.01*.

Given the significant relations with intellectual functioning, partial correlations to examine the relationships between SAT indices and the SRS taking into account KBIT-2 IQ were conducted. Significant negative relationships remained between performance on the Salience index and the Social Cognition (*r* = −0.613, *p* \< 0.01), Social Communication (*r* = −0.561, *p* \< 0.01), Social Motivation (*r* = −0.458, *p* \< 0.05), and Autistic Mannerisms scales (*r* = −0.528, *p* \< 0.01) and the SRS total score (*r* = −0.602, *p* \< 0.01). Negative relationships between the Animation index and the Autistic Mannerisms scale (*r* = −0.515, *p* \< 0.05) and the Problem Solving Index and the Social Awareness (*r* = −0.490, *p* \< 0.05) and Autistic Mannerisms (*r* = −0.479, *p* \< 0.05) scales remained significant as well.

Relations between performance on the SAT and parent-reported impairments on a screening measure for ASD
-------------------------------------------------------------------------------------------------------

Significant relations were found for the Salience Index and total score of the SCQ (*r* = −0.457, *p* \< 0.05), as well as the Animation Index and total score on the SCQ (*r* = −0.493, *p* \< 0.05) and classification on the SCQ (*r* = −0.495, *p* \< 0.05). The Problem Solving index was also significantly related to total score on the SCQ (*r* = −0.596, *p* \< 0.05) and classification on the SCQ (*r* = −0.480, *p* \< 0.05). There were no significant relations found for the Pertinence, Theory of Mind Cognition, Theory of Mind Affect, or Improvement indices of the SAT and score on the SCQ. When intellectual functioning was taken into account using partial correlations, significant relations between SCQ classification and the Animation index (*r* = −0.455, *p* \< 0.05) and the Problem Solving index (*r* = −0.477, *p* \< 0.05) remained. The negative direction of these relationships indicates that as scores on the SCQ increase, reflecting greater difficulty, scores on the SAT decrease, also reflecting greater difficulty.

Change in SAT performance with the addition of specific instructions
--------------------------------------------------------------------

Participants were first asked to describe the scenes in the video without specific instructions; on average, only 4.17% of the "target" answers were spontaneously provided during these narratives. However, when the participants were given instructions as to how to view the stimuli, 21.25% of the "target" answers were provided. These instructions included directions as to how to view the shapes in the video (i.e., as people) and how to interpret the interactions they had (see Klin, [@B28] for specific questions). In other words, when the individuals in this sample were provided with the additional specific instructions that are part of the SAT administration process about how to interpret the traits and actions of the previously ambiguous stimuli as socially meaningful, there was a significant change in the quality of the narratives they were able to provide \[*t*(23) = 4.833, *p* \< 0.005\]. This improvement that was seen with the additional scaffolding was significantly related to overall level of intellectual functioning (*r* = 0.628, *p* \< 0.01), such that those with stronger intellectual functioning showed larger improvements with scaffolding.

Discussion
==========

Both questionnaire and laboratory based studies have revealed difficulties in social reciprocity in children and adults with WS. However, few studies have used multiple converging measures in the same individuals to evaluate the relationship between informant report and observable behaviors seen in a laboratory setting and to explore the social information processing difficulties that may contribute to social reciprocity challenges. The goal of the current study was to carry out such an examination using a lab-based measure of social cognition and intellectual and parent-rated socio-communicative and social reciprocity functioning in children with WS. As hypothesized, results indicated a significant relationship between directly measured social processing abilities and reciprocal social behaviors in WS children as rated by parents. Intellectual functioning and social cognition were also found to be significantly related, however the modest strength of this relationship suggested that intellectual functioning alone does not explain SAT performance. Furthermore, significant relationships between social processing and reciprocal social behaviors remained after accounting for intellectual ability, suggesting that difficulties in social cognition have a unique role in the social reciprocity difficulties of individuals with WS.

Relations between social cognition and parent-reported behavior
---------------------------------------------------------------

Individuals with WS who were more adept at making social attributions were also rated higher in terms of parent-reported social reciprocity skills, motivation to engage in social activities, the ability to interpret social cues in the world, and the level of expressive social communication. Similarly, individuals with WS who provided answers that were more consistent with those provided by typically developing adolescents and adults (as reflected by higher ratings on the Problem Solving index) were rated as more aware of social cues in the real world. Essentially, individuals with WS who made more appropriate social attributions in this lab-based task were also rated by their parents as more socially aware and competent in their daily lives. This relationship is further supported by the findings of a strong correlation between the two parent report measures used and their similar relationship to the SAT. Specifically, both SCQ and SRS scores were correlated with the Animation and Problem Solving indices of the SAT, which are both reflections of common social interpretations of the ambiguous scenes.

As past reports have indicated, a proportion of individuals with WS have an interest in others while simultaneously lacking the appropriate skills necessary to sustain interactions and form lasting relationships (Davies et al., [@B4]; Laws and Bishop, [@B33]). The consistency and pervasiveness of this difficulty with relationships is actually one of the most frequently reported concerns of caregivers (Udwin, [@B61]). Based on studies using questionnaires or lab-based measures separately, individuals with WS have difficulty comprehending environmental cues that are important to social functioning, such as non-verbal aspects of language, or pragmatics (Philofsky et al., [@B45]) and perspective taking (Fidler et al., [@B12]). (Klein-Tasman et al. [@B24]) found that while children with WS were reported to have social reciprocity difficulties, they were more related to difficulties in social cognition than in social motivation. These difficulties likely contribute to the decreased ability to establish and maintain meaningful relationships, despite superficially average overt social initiation skills. The results of the current study support the assertion that individuals with more pronounced social difficulties as reported by caregiver questionnaire are also more likely to have difficulties picking up on the typical social information relevant to social scenes, such as the various roles played by those participating in an interaction, the potential feelings and subsequent motivations for actions, and the consequences of those actions. When people with WS do not pick up on these aspects of others' social behavior, this likely contributes to difficulties with successful social interactions.

Facilitative effects of additional structure
--------------------------------------------

An additional exploratory aim was to examine the effect of additional structure on social attributions made by the participants. The vast majority of participants in this study were unable to produce narratives that spontaneously correctly answered even one of the obvious questions related to the stimuli. However, when asked directly about these aspects, participants were more able to provide answers that were consistent with previously identified normative answers (Klin, [@B28]). Moreover, the beneficial effects of specific questioning were more pronounced for participants with stronger intellectual functioning. The additional structure provided by asking specific questions is similar to the concept of scaffolding, a metaphor first discussed at length by (Wood et al. [@B65]). Similarly to Vygotsky's zone of proximal development (Vygotsky, [@B63]), scaffolding refers to the structure and additional instruction that parents, teachers, and other caregivers provide when children are attempting to complete a task with components that are not yet at the level of mastery (Stone, [@B55]). The benefits of scaffolding for both typically developing children and those with developmental delays are widely acknowledged and studied. Specifically, the use of scaffolding has been shown to aid children with delays in the acquisition of language (Kirchner, [@B23]), the development of social skills (Baker et al., [@B2]), and in improving reading comprehension abilities (Dieterich et al., [@B6]). The current study, which includes participants with mild to moderate intellectual impairments, demonstrates the added benefits of scaffolding while completing a social cognitive activity. A significantly greater number of target responses were produced when the participants were given more explicit instructions about how to view the stimuli.

Given the importance of effective scaffolding, parent-training programs for children with developmental delays could focus on ways in which to structure the environment to ensure consistent skill acquisition. The benefits of scaffolding in the current study fit with these findings and may suggest that these types of interventions and additional structure may provide some individuals with WS (i.e., those with less severe cognitive impairments) with the additional resources needed to more effectively interpret ambiguous social stimuli and gain skills in social reciprocity. It appears as though the children in the current study with more severe intellectual impairments do not benefit from the additional structure provided; it is possible that the ambiguous stimuli, which are shapes that do not physically resemble humans or animals, were simply too abstract for them. These limitations to the benefit of scaffolding are important to keep in mind; interventions using more abstract materials may not in fact be beneficial even with additional structure.

Limitations and future directions
---------------------------------

The current study represents the first investigation into the performance of individuals with WS on the SAT, a lab-based measure of social cognition and attribution, and relations to behavioral and intellectual characteristics. Although a typically developing control group was not included, results revealed a number of relationships between social cognition abilities and parent-reported behavior. The inclusion of control groups in future investigations would allow for exploration of questions related to the developmental trajectories (i.e., delay or deviance) of social cognition in WS and further explore the potential influence of intellectual functioning. In particular, a contrast group of individuals with ASDs would allow for comparisons to a population with documented and consistent difficulties in social cognitive and social reciprocity skills. As was demonstrated in previous studies using the SAT (Klin, [@B28]; Koenig et al., [@B30]; Klin and Jones, [@B29]), individuals with ASDs have difficulty completing the task in comparison to both typical and clinical control groups, demonstrating an underlying difficulty in social cognitive processing. Direct comparisons to children with ASD would allow for further specification of the aspects of reciprocal social interaction difficulties that are also shared by individuals with WS, and those aspects that appear to be less commonly seen in WS and differentiate WS from ASD. Regardless of the relations found, these types of investigations would provide a better understanding of the social cognitive difficulties that relate to the observable social difficulties in these two clinical populations and may even play a role in determining the presence of a comorbid ASD in individuals with WS. In addition, other contributors to performance on the SAT warrant examination. For example, it is possible that additional personality character traits, such as empathy and emotional responsivity, may contribute to SAT performance for children with WS.

The SAT was used as a way to add to the literature about social cognition in WS, and we have made some attempt to elucidate aspects of social cognition that are likely measured by the SAT. However, as is the case for other studies of social cognition, the current study is somewhat limited by a lack of a unifying theory as to what specific components contribute to skills that fall under the umbrella term "social cognition." Emotion recognition, face processing, empathy, and theory of mind abilities are just a few of the possible contributors to social information processing; a number of additional processes, including understanding of ambiguous social dynamics, also likely playing a part in social cognition and should be considered. The field would benefit from a well-defined and clearly outlined theory of social cognition that would allow for future studies to more explicitly explore mechanisms of reciprocal social behaviors and models of the relations among the various facets of social cognition.

The present study demonstrated relationships between the performance of individuals with WS on a lab-based measure of social cognition and various parent-reported socio-communicative abilities, as well as cognitive functioning. The significant relations observed point to underlying social cognitive processing difficulties that may contribute to social reciprocity behaviors observed in the natural setting outside of the laboratory, even once variability in intellectual functioning is taken into account. In addition, the results provide evidence that additional structure and support can potentially help individuals with WS, particularly those with stronger intellectual functioning, more effectively process social information. Further study of social information processing difficulties underlying the social reciprocity limitations of individuals with WS is warranted to point toward targets for effective intervention.
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